Discrete event simulation (DES) software is often used in business process management (BPM) projects, in order to support modeling, change and automatization of process modeling. However, the current research lacks systematic overview of the benefits and pitfalls of using DES software for BPM. The goal of this paper is to provide a systematic analysis of research paper related to the operations research, computer science, business and management that report the usage of DES in BPM projects, in order to shed some light in this area. Results of this analysis could be useful to academics and business practitioners in their projects.
Introduction
Business process management (BPM) is widely used for managing processes, from design and analysis through implementation, to monitoring and ongoing optimization [1] . Software solutions that are widely used in order to support BPM, are often called business process management system (BPMS).
Discrete event simulation (DES) is developed for the purpose of analyzing behavior of the systems and conducting experiments with the changes in system structure, using discrete variables for the description of the systems. DES is often used as a method and tool for the support of BPM, and is then referred to as business process simulation. In most of the BPMSs, the DES facilities are included in order to
Theoretical background
According to Banks [2] , "simulation is used to describe and analyze the behavior of a system, ask "what if" questions about the real system and aid in the design of real systems". It refers to a variety of model types, from models developed as spreadsheets, over models based on system dynamic simulations to complex DES models. DES is used to analyze systems whose behavior can be analyzed through tracking change of state variables while they are describing discrete sequences of events that occur in time. Since it is suitable to be used for evaluating various process scenarios within business process improvement, business process reengineering and other process related endeavors, the implementation of simulation for this purpose is also referred to as business process simulation [3] .
BPMS are software applications "that enable the modelling, execution, monitoring and user representation of business processes and rules" [4] . The authors mostly refer to a variety of terms, such as BPM tool, suite and platform. According to Margherita [5] "a BPMS consists of four subsystems: (1) process strategy; (2) process model; (3) process execution; and (4) process performance". The process model subsystem is dealing with the overall structure of company's processes and "includes value chain and system model; process models and simulation; stakeholders and process roles; and business rules and governance" [6] . So, DES is considered a constituted part of modelling and analysis which are the first phase of the BPM lifecycle by the Service Oriented Architecture [7] . Process simulation supports process analysis in the sense that business users can construct "what if" scenarios to see how AS-IS processes perform, to compare the outcomes of potential alternative process designs and to propose modifications of the original model [8] , [9] .
Many researchers advocate the use of DES for the modeling of process dynamics and for analyzing their operational performance [10] . According to Bolsinger et al. [11] there is a high demand for practical approaches to business process performance analysis, and DES is considered a good method to achieve this goal. It is highly suggested to use in BPM projects as it allows business users to get the knowledge about the essence of business system, to propose the changes and to understand the impact of proposed changes on process performance. The research results showed that the application of DES helps to avoid failure of BPM projects [12] , [13] , [9] . Besides, "only an integrated simulation approach that includes both the business processes and organizational structure" [14] can significantly affect business process performance. Many BPMS vendors provide simulation functionality as an added component to their platforms. According to Dumas et al. [15] it is convenient to use business process simulation for fine-gained analysis since it allows deriving process performance measures and data about the resources involved in the processes. Still, BPMS are offering limited simulation functionality compared to the features that have specialized simulation software [16] .
Despite the numerous advantages of simulation, Bisogno et al. [10] emphasize that researchers in organizational and management studies did not regularly use simulation and tended to overlook its potential contribution to their work. Most BPM projects teams turn to specialists to undertake simulation studies, and those specialist often prefer to use especially designed and the more sophisticated simulation tools [16] . However, during the last two decades the simulation approaches began to be more frequently published in the major management, information systems, computer science and operations research management journals. Through the years DES is being widely used in manufacturing but also in areas such as health care, military, traffic modeling and service industry [9] .
Research Approach
In our research we have used the literature review, as a mean to summarize past findings in a research field, in our case usage of DES in BPM projects [17] , [18] . Our selection process of the papers for the literature review is presented in figure 1 .
First, we identified relevant databases for our research, and we have decided to focus to the peer-review journals that are cited in Scopus and WoS (SSCI and SCI papers). Tables 1 and 2 present our search strategies in WoS (SSCI and SCI) and Scopus, with the time span .
We conducted a search using the scientific databases Web of Science (WoS) and Scopus in February 2016. Through the first part of the search we checked WoS and Scopus using keywords: "business process" AND "discrete" AND "simulation". The search was focused on peer-reviewed papers in journals. This approach resulted with 420 hits (89 hits in Scopus and 331 hits in WoS).
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In the next step, the search strategy was refined. Since DES is applied in different avenues of scientific research we decided to limit our research to the papers in the fields of operational research, computer science, business and management. This criterion was related to Scopus subject areas and WoS categories ( In our analysis we have included 134 papers (60 from WOS and 74 from Scopus). However, after merging all papers, we excluded 26 papers which were found in both databases. Therefore, 108 papers remained for the analysis. After reviewing the abstracts and keywords of all 108 papers, we eliminated papers which did not report the description of the DES appliance in the BPM project. We used the following criterion. Paper was considered relevant, if it specifically covers the case study of discrete event simulation in BPM project. Finally, after applying this exclusion criterion 54 publications remained, and they represent the basis for our further analysis. Next, we extracted and coded relevant data of surveys (e.g. authors, title, and journal, year of publication, sample industry, BPM and DES success factors) for our analysis. [20] who showed that it was at the beginning of the 1990s that DES began to appear more frequently in the scientific journals. By summarizing papers according to the industry-type of companies that conducted BPM projects, we derived 12 categories depicted in Table 3 , which are in line with the NACE industry classification. Detailed referenced results are listed in Table 3 . Table 3 portrays the detailed results of the industry-type per case study. First, it has to be noted that some of the papers present more than one case study, with different industries (e.g. ID 31 presents 6 case studies, from following industries: 3 case studies from the manufacturing industries, 1 from Wholesale and retail trade, 1 from Transport and storage, and 1 from Information and communication). Therefore, number of case studies presented in the Table 4 (62) is larger than the number of the papers (54).
Analysis of papers with described DES in BPM projects

Figure 2. Number of papers published per year with described DES in BPM projects
The largest number of the case studies (19) is reported in Manufacturing, which is followed by the Transportation and storage with 7 case studies. Industries related to services, e.g. Financial and insurance activities reports only 3 case studies, which is substantially lower in comparison with Manufacturing and Transportation and storage. Table 3 . Industry-type presented in the case study
DES critical success factors in BPM projects
Though many researchers tried to identify a positive correlation between BPM project and organizational success, the findings showed that BPM project success did not always result in increased organizational performance [21] . According to Thompson, Seymour and O'Donovan [22] BPM project success is achieved "only when BPM initiative leads to measurable degrees of business success". Some authors argue that BPM success influence organizational performance indirectly, through process performance improvement [22] . Besides, the researchers very often define a theoretical BPM success model as a set of CSFs of BPM project [23] , [24] , [21] . The same approach is applied in this research in order to investigate the link between the introduction of DES in BPM projects and projects' success. Table 4 . BPM Project's success in published papers
The implementation of DES is a time-demanding and complex endeavor and its outputs depend on various factors. Evaluating and selecting simulation software is a difficult process. This has led researchers to investigate methodologies for selecting software evaluation criteria and evaluation techniques [25] . However, simulation software selection is only one of many factors that may affect the success of DES implementation in business process simulation projects [26] , [27] , [28] . Consequently, many research studies aim to find and explain the critical success factors (CSFs) of simulation projects [29] , [30] , [31] . Similarly, academics and business practitioners are very often focused on identifying and explaining the CSFs of BPM projects [32] . Although general CSFs are well understood, we argue that specific CSFs must be BOSILJ VUKŠIĆ, PEJIĆ BACH AND TOMIČIĆ-PUPEK UTILIZATION OF DISCRETE EVENT SIMULATIONS... taken into account in a case of DES implementation in BPM projects. Therefore our literature review aims to provide brief insights into the most frequently identified DES CSFs in BPM projects. First, 54 papers are analyzed and distributed into two groups based on the report on DES CSFs role in BPM project success. The results of this analysis reveal that in 37 papers DES CSFs and its' significance for BPM success are explicitly described while in the case of 16 papers these are described implicitly, but detailed enough to be analyzed (Table 4 ). This classification criterion was not applicable for one paper that was not available in English.
Next, the BPM success factors identified by Bai and Sarkis [33] , Van Looy et al. [34] and Buh et al. [32] are gathered and analyzed. Bai and Sarkis [33] identified 8 main CSFs in their study. Van Looy et al. [34] systemized 6 main capability areas (modeling, deployment, optimization, management, culture and structure) and 17 subareas while Buh et al. [32] presented a comprehensive list of 13 factors (Appendix 2). Each of these factors describes a unique strategy that would positively influence the success of BPM implementation. Based on the results of the analysis its' elements are mapped to 7 categories that seemed likely to explain most of the factors (Table 5) . [36] are used to develop CSFs framework for DES implementation in BPM projects. The study conducted by Robinson and Pidd [36] examines and analyzes gap in expectations between simulation provider and customer in simulation projects. A set of 19 dimensions in the delivery of a simulation project was developed (the 'Other' category included a small number of factors that did not fit the other 18 groups, according to Pidd [37] ). The results of this study have also been adopted by some very prominent researchers (e.g. Altsitsiadis [38] , Jahangirian et al. [29] ). For the purpose of this research 19 dimensions of DES CSFs were mapped into previously defined 7 categories of CSFs for BPM (Table 5 ). The term "Provider" in Table 6 is used for simulation project team, top-management, consultants and software providers. "The Customer" is term used for internal customer (e.g. user) or enterprise that introduces DES in BPMS project. Table 7 presents the results of our analysis regarding the usage of different CSFs categories as defined in Table 6 .
The analysis was conducted based on the 53 papers that explicitly or implicitly report the BPM project success, as identified in the Table 4 . First, we have identified the statements that are related to the success of DES in BPM projects. Second, we have coded these statements according the CSFs categories of BPM projects. The second column provides the number of papers that contain at least one statement that reflects the appearance of the CSFs categories of BPM projects. Third column provides the total number of CSF occurrences in the papers. For example, only 4 papers have statements that reflect the impact of the Provider to the success of BPM projects (second column), but in these papers taken together we have identified 7 statements (third column). CSFs were not analyzed for one paper which was not available in English. Fourth column presents the % of occurrences of CSF in papers. For example, 7 occurrences among 143 (4,9%) were related to Provider. Finally, fifth column presents paper ID where the occurrences were found with the number of CSF occurrences in paper (in brackets). [41] . According to Robinson [42] "simulation model development requires more than just the use of software to code the model" while "critical issues lie in the areas of conceptual modelling and validation". When evaluating simulation software features, simulation capabilities and output analysis capabilities of the software are important [41] . o Organization culture and people. Organizational culture and people CSF was mentioned in 10% of reviewed papers. According to Diaz [43] there are several aspects of simulation projects that are technically difficult and demanding for project participants, such as: (1) the necessity of having team members who understand not only software development and modeling techniques, but who are also able to understand and synthesize the real-world system being modeled, and (2) communication of a system abstraction to the process owner and / or business champion. A particular emphasis should be placed on the role of simulation sponsor whose main mission is to give support to simulation BOSILJ VUKŠIĆ, PEJIĆ BACH AND TOMIČIĆ-PUPEK UTILIZATION OF DISCRETE EVENT SIMULATIONS... activities by disseminating knowledge or information on simulation techniques, as well as the prepare, educate or train users on how to use simulation software [44] . Business experts and researchers recognized the human factors impact in the implementation of DES within a BPM approach such as organizational culture, motivation means and leadership style [45] . o Communication, provider, governance, top management and strategic alignment. Communication is ranked next (6%), following with the provider criteria (5%), governance (3%), top management support and strategic alignment (2%) and other (1%). Besides, the analysis of one paper (1%) did not provide applicable results. The lowest ranked CSFs indicate the lack of awareness about the simulation capacity and benefits. The research conducted by Jahangirian et al. [29] showed poor management support and simulation knowledge in the customers' organizations. The results suggest that provider's responsiveness to the customer's needs and expectations holds the association with the overall success of simulation projects. According to Pidd and Robinson [36] the competence of the provider, communication and interaction were very frequently cited as CSFs of great significance for project success. Besides, formal and informal organizational structures should support collaboration and teamwork throughout simulation project. Table 8 presents the in-detailed description of the statements that occurred in the papers related to different CSFs categories of BPM projects. The implication of the findings above is that simulation-specific CSFs must be taken into account when DES is used in BPM projects. The success is related, though not exclusively, to categories Software and Methods, model development and data input/output. On the other hand, a series of factors that relate to other categories (Table 8) are very common, so can be applied in almost every BPM project, regardless simulation is used or not.
CSFs categories of BPM projects
The most important issues related to CSFs framework category Provider Research papers indicate the following issues related to provider that impact the success of BPM project and DES usage: (1) providers use tools they are familiar with; (2) there are not many analysts or consultants that can effectively combine business and network simulation skills; (3) the efficiency of the simulation application crucially depends on the "simulationist" and his/her knowledge about methods, tools and required theoretical basis. Software
Research papers indicate the following issues related to software that impact the success of BPM project and DES usage: (1) the ability to visualize and animate the behavior of the system is the critical issue for the simulation project success; (2) the flexibility of programming language, the capability of modelling complex processes, the speed of simulation and the ability of accurate representation of complex processes are very important characteristics of simulation software; (3) the ability of reporting and exporting simulation results to a desired format or program/tool can influence the success of simulation project; (4) user-friendliness and ease-of-use is recognized as a need; (5) other issues, such as: existence of an interface with external modules (e.g. databases), and the ability of a tool for executing simulation models requiring no translation or conversion. Methods, model development and data input/output
Research papers indicate the following issues related to methods, model development and data input/output that impact the success of BPM project and DES usage: (1) a quality of data and the accuracy of model validation is identified as the highest ranked requirements; (2) gathering intelligence from available sources and fitting appropriate distributions to empirical input data influence project results in a positive way; (3) the usage of appropriate methods for validating the model or its output data (e.g. sensitivity analysis, optimization); (4) simplicity of a method in order to allow non-experts to understand, analyze or communicate issues related to logic contained within a model; (5) 
Conclusion
The goal of the paper was to present the results of the systematic literature review of research papers that report usage of DES in BPM projects. The papers (54) were selected from the WoS and Scopus databases that report the case studies of BPM using DES. We have searched the period from 1994 to 2015, using the search based on the specific keywords (business process) AND (discrete AND simulation). Following conclusions emerge from our analysis. First, the longitudinal trend analysis of the DES reporting in BPM projects (RQ1) revealed that most of the papers were published from 2005 to 2015, which is in line with the research of other authors [19] , [20] . Our analysis indicated that the usage of DES in BPM projects is the most often found in Manufacturing and Transportation and storage industries (RQ2), although several case studies were applied in service industries, like Financial and insurance activities. Third research goal (RQ3) focusing to the impact of DES to success of BPM achieved, through the analysis of DES CFSs that were reported as important for BPM project success.
The most important contribution of our study is to present the systematic overview of usage of DES in BPM with the focus on how the authors of the papers report on that issue. Since we have found out that the authors of the papers scarcely and quite rarely report on that issue our future research should focus on defining the standards of DES reporting in BPM.
Limitation of our work stems from the fact that we have focused only to the research papers, while full depth and breadth of BPM case studies using DES could be investigated using other approaches, like action research, and multi case study. Clearly defined process owners (13) 
